Campylobacter is a major waterborne pathogen that can be found in rivers of the Mediterranean area. Characteristics of these rivers change throughout the seasons due to variations in environmental parameters. As these variations may affect water survival of Campylobacter, we analyzed it in the Llobregat River using three approaches whose complexity increase progressively:
ively. First, we measured the effect of temperature on the inactivation of Campylobacter in river water microcosms kept in the laboratory. Secondly, to study the behavior of the bacteria in the river, we carried out in situ experiments in which the pathogen was exposed to variations in several environmental parameters, as water temperature, pH, oxygen concentration, water conductivity and solar radiation. Finally, we studied the relationship between the most characteristic environmental parameters of the Mediterranean climate and the Campylobacter counts in the river, over a two-year sampling period.
METHODS AND MATERIALS

Study site
The Llobregat River flows through Catalonia, in the northeast of Spain (Figure 1 
Insitu experiments in the river
To study Campylobacter inactivation in the Llobregat River, dialysis tubes were placed in the river as follows: dialysis tubes were pre-treated to ensure a uniform pore size (molecular weight cut-off of 14 kDa) and sterilized before use.
A suspension with a final concentration of 10 7 cfu/ml of C. jejuni DSMZ 4688 was prepared in river water previously collected from Abrera (Figure 1 ), which is also where the inactivation experiments were carried out. The dialysis tubes were then filled with 40 ml of the Campylobacter suspension and sealed with a knot. They were then placed at a depth of 20-25 cm in a metal cage in the river. 
RESULTS
The effect of temperature on Campylobacter inactivation in river water microcosms
The inactivation of thermotolerant C. jejuni was analyzed in river water microcosm systems at varying temperatures in the dark. Figure 2 shows the regression lines of These results confirm that the inactivation of microorganisms increases at higher temperatures.
The effect of environmental parameters on Data of environmental parameters for the region were provided by the Servei Metereològic de Catalunya and a summary is provided in Table 3 . Correlation coefficients (r s ) between the bacteria and the environmetal parameters were calculated for the monthly data. Solar radiation and water temperature parameters showed a significant negative correlation with Campylobacter counts of p < 0.05 (r s of solar radiation: À0.62; and r s of water temperature, À0.53).
Precipitation was irregular in the area and was highest in autumn. Furthermore, a correlation was not found between this parameter and Campylobacter (p > 0.05).
E. coli was analyzed in parallel with the thermotolerant
Campylobacter, and the data were as well compared with environmental parameters. E. coli counts did not show significant seasonal variation p > 0.05 (ANOVA) and did not depend on temperature or precipitation. However, a moderate correlation was revealed with solar radiation (r s ¼ À0.3).
Moreover, a significant correlation within the pathogen
Campylobacter and the faecal indicator E. coli was not found. Although the experiments on river water microcosms allowed us to study the effect of temperature, they provided only limited information on the effect of other factors that may affect the inactivation of the bacteria in natural conditions. To solve this, we conducted an in situ assay in the Llobregat River in different seasons. The results showed that the inactivation rate was related to the environmental parameters of each season. Inactivation was slow in winter (T 90 ¼ 18.5 h) and fast in summer (T 90 ¼ 10.3 h). counts did not correlate with precipitation, so run-off is not an important input of campylobacters in this case, probably because the river flows through an urban area at the sampling point, and most of the few farm animals in the zone are kept in enclosures.
DISCUSSION
We found that Campylobacter seasonality in the Llobregat River is mainly due to changes in water temperature and sunlight, which is shown by the significant negative correlation between these parameters and Campylobacter counts. As the inactivation of the bacteria is faster in spring and summer, it may be difficult to detect Campylobacter inputs in water samples from areas with Mediterranean climates between May and September. This problem could be intensified by climate change, making routine monitoring less effective at detecting this important pathogen.
Therefore this should be considered in any attempt to improve detection limits in such geographical areas.
CONCLUSIONS
According to the results of our research, water temperature and solar radiation are the most influential environmental parameters in Campylobacter inactivation in river water.
The data obtained in laboratory and in real conditions in the Llobregat River support the argument that Campylobacter inactivation is faster in spring and summer, when temperature and solar radiation are highest in the Mediterranean area of southern Europe. We therefore conclude, that the health risk associated with the presence of Campylobacter in water depends on the persistence of the bacteria that in this case is directly related to the climate of the geographical area. This should be considered to properly monitor this pathogen in the environment.
